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PLACE DIE ONTO LEAD FRAME
WIREBOND DIE TO ELECTRICAL PINOUTS
ALIGN FRAME IN HOLDER WITH TOP SIDE DOWN

APPLY SMALL QUANTITY OF
MORE VISCOUS ADHESIVE
DO FOR
EACH DIE CURE ADHESIVE

POSITION MOLD CAVITY
FILL CAVITY WITH ADHESIVE! FIG 3
CURE ADHESIVE

ALIGN FRAME TOP SIDE UP

POSITION MOLD ABOUT DIE/WIREBONDS

COMPLETELY FILL CAVITY WITH ADHESIVE
CURE ADHESIVE

APPLY MORE ADHESIVE
DO FOR TO FILL SHRINKAGE
EACH DIE -
POSITION COVER ONTO STRUCTURE]
CURE TOP LAYER OF ADHESIVE
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PACKAGING MEDICAL IMAGE SENSORS

FIELD OF THE INVENTION

The present invention relates to forming packages for
an image sensor used for medical applications.

BACKGROUND OF THE INVENTION

Small conventional solid-state image sensors are
mounted on an insertion probe and are used in medical
applications. A problem with such arrangements is that
frequently the image sensor is formed in a ceramic pack-
age body and then the ceramic package body is secured
to a lead frame by an adhesive. (See for example, U.S.
Pat. No. 5,098,630 issued Mar. 24, 1992 to Ogiu et al.)

It 1s very difficult to package image sensors for use in
medical applications by conventional means and obtain
a small, minimally invasive size needed for best perfor-
mance. The sidewalls of the traditional ceramic package

body often add to the overall dimension of the final
product.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide an
improved method for packaging image sensors which
are suitable for use in medical applications.

This object 1s achieved in a method of packaging a
medical image sensor, comprising:

(a) securing a die (image sensor) to a top surface of a
conductive lead frame having top and bottom sur-
faces;

(b) providing electrical connections between the lead
frame and the die;

(c) torming an optical transparent UV curable adhe-
sive over the die and curing such adhesive so that
the top surface of the adhesive over the die has a
concave topography;

(d) filling in the concave topography with UV cur-
able adhesive;

(e) placing a cover glass over the filled in adhesive,

such cover glass having an index of refraction
matched to the filled in adhesive; and

(f) exposing the filled in adhesive with UV light illu-
minated through the glass cover to such cured

filled in adhesive and thereby secure the glass to
the filled in adhesive.

Advantages

An advantage of this invention is that the assemblage
of lead frames, die and electrical connections (typically,
wire bonds), UV curable adhesives, and a cover glass
produce a package having good structural properties.

Another feature of this invention is that the cover
glass, which is indexed matched to the adhesive pro-
vides an optically sound top protective surface. The
cured adhesive provides a good moisture barrier, good
stdewall strength, protection for the delicate compo-
nents, and a good optical path for image detection pur-
poses.

This type of package provides the smallest possible
diameter available to adequately house the image sen-
sor. The integnty of the package is excellent. A high
quality optical adhesive provides good support and
adhesion to the cover glass as well as an excellent opti-
cal path. This package is suitable for medical imaging
requirements because 1t provides a minimally mnvasive
size. The cost of making the assembly will be reduced,
and this technique can be applied on a mass production
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scale. This type of encapsulation will be superior in 1ts
optical quality as compared to a plastic, molded pack-
age.

Other features of this invention include (1) providing
a packaging arrangement for the basic components of
an 1mage sensor assembly which doesn’t have to use a
carrier for housing the parts, (2) being able to create a
protective surrounding medium with excellent optical
properties by using the proper adhesive, (3) building the
encapsulating volume by using more than one applica-
tion of the optical adhesive to the cavity thus compen-
sating for gross volumetric shrinkage, and (4) centering
and attaching of the cover plate by free floating the
cover glass on the uppermost layer ot adhestve.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic sectional view of a package
formed in accordance with the present invention;

FIG. 2 1s a top plan view of a lead frame with a die
mounted on the lead frame and associlated wirebond
connections: and

FIG. 3 1s a flow chart of the process of making the
package shown 1n FIG. 1.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Turning now to FIGS. 1 and 2, there is shown a
package 10 for an image sensor or die 12, a lead frame
14 having top and bottom surfaces, and wirebonds 16
electrically connecting the die to the conductive por-
tions of the lead frame 14. Turning now to FIG. 2, the
lead frame is shown in the form a of a skeletal structure
having a portion 14A upon which i1s mounted the image
sensor as will be described. The wirebonds are shown
connected to conductive portions which terminate into
electrical pins 18. As is well known to those skilled in
the art, the lead frame is a stamped metal skeletal struc-
ture that provides support for the die and provides the
electrical pins 18. Lead frames are typically made of an
alloy, generally nickel and iron and are well understood
to those skilled in the art. Typically, (although not
shown) the lead frame will include a gold plated portion
over those areas which are connected to the electrical
pins 18. The electrical pins 18 are often referred to as
pInouts.

Returning to FIG. 1, the die 12 is attached to the lead
frame portion 14A with an electrically conductive ad-
hesive 22. The lead frame 14 and die 12 form the basic
components of a structure used in a conventional micro-
electronic package.

The adhesive 22 is typically a silver filled epoxy. An
example of such an adhesive is Epotek 410-E made by
Epoxy Technology Inc., Billerica, Mass. The purpose
of adhesive 22 is to secure the die 12 to the lead frame
portion 14A and to provide electrical conduction to the
lead frame itself. As will be well understood to those
skilled in the art, the lead frame 14 itself, provides a
ground plane with the portion 14A providing the
mounting structure for the die.

Returning again to FIG. 1, there is shown that the top
surface of the die 12 i1s adhesive free. Onto this surface
1s cast a UV curable adhesive 24. Examples of such an
adhesive 24 are Dymax 401 and 488 manufactured by
the Dymax Corp. of Torrington, Conn. Both of these
materials are urethane, oligomer, and (meth)acrylic
monomer blends. The optical properties of these materi-
als are such that they have an index of refraction of
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approximately 1.5. This adhesive 24 is cured by UV or
ultraviolet radiation using about a watt/cm? with peak
spectral response at 365 nm. A system which can
readily provide such UV radiation is EFOS (ultracure
100 SS machine) using a 100 watt short arc mercury
amp. As shown, because of the shrinkage, upon curing
of these types of materials, the cured adhesive 24 has a
concave top-surface topography.

Within the confines of this concave topography an-
other adhesive 26 is dispensed. Preferably this material
i the same as adhesive 24 although it can be formed
tfrom other adhesive which are compatible especially
having almost the same refractive index.

A glass cover 28 is now place over the filled in adhe-
sive 26. The glass cover 28 is actually in a free floating
relationship on the adhesive 26 and stays in such a rela-
tionship until it is cured. This cover has an index of
refraction matched to both the adhesives 24 and 26. In
a preferred embodiment, both the adhesives 24 and 26
are made of the same material, although that is not
necessary. In a situation where they are the same mate-
rial, then glass cover 28 should have the same index of
refraction as that of both adhesives. A typical cover
glass 28 that can be used is Corning #7059 which is
made of a barria alumina borosilicate which has an
index of refraction of about 1.5. This material is trans-
parent to both wvisual and ultraviolet radiation. Al-
though not shown, antireflective coatings may be se-
cured to both the top and bottom surfaces of the cover
glass 28.

UV radiation now exposes the filled in adhesive 26
through the glass cover 28 to cure the filled in adhesive
26 and secure the glass cover 28 to the structure.

The glass cover provides a uniform optical quality
top flat surface and provides a good optical interface
with the external environment such air, or an optical
system provided by lens or fiber optics.

Turning now to FIG. 3 it shows a flowchart for pack-
aging an image sensor in accordance with this inven-
tion. The die (image sensor) 12 is attached to the central
portion of the lead frame 14A using a conductive adhe-
sive such as Epotek 410-E. The lead frame 14 is made
from nickel or iron and is gold plated on both sides of
the electrical pins 18 and on the top side where the die
12 1s attached and electrically connected. Once the die
12 1s placed and the epoxy is cured, wirebonds 16 are
secured between the die and pins or pinouts 18.

At this point, the packaging process begins with the
lead frame 14 being placed in a holder top side down.
The holder is not shown. A small quantity of a viscous
adhesive 32, such as Norland 123, is applied to the un-
derside of the lead frame 14 beneath the die/wirebond
area and 1s cured quickly by exposure to ultra-violet
radiation. This helps prevent leaking of the less viscous
adhesive. These adhesives are viscous optical adhesives
that can be quickly cured by ultraviolet exposure. A
mold (not shown) is positioned over the underside and
an adhesive 34 such as Norland 83H (Norland Products,
Inc., New Brunswick, N.J.) or Dymax 401 or 488 is
dispensed. The sidewalls of the mold are made from a
material, such as Teflon, which resist adhesion by the
epoxy. Once filled, the volume is exposed to UV radia-
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The lead frame 14 is then aligned in the fixture with
the top side up. A mold of similar material and shape as
described previously is positioned about the die and
wirebonds. The cavity formed by the sidewalls is com-
pletely filled with an optical grade adhesive 24 such as
those made by Norland (83H) and Dymax 401 or 488
which are index matched to the cover glass 28. Ultravi-
olet radiation is used to cure the adhesive. Due the
volumetric shrinkage of such adhesives upon curing, an
additional application of adhesive is placed in the small
recess remaining after the first exposure. Once placed,
the cover glass 28 (which can be any transparent mate-
rial such as quartz, silica or glass) is positioned above
the structure and centered. A barium borosilicate glass,
Corning 7059, can, as noted above, be used over the
image sensors. The UV radiation is again applied to the
adhesive through the glass which results in a package of
a minimal size, sealed against moisture, and having a
good optical path.

This process is applied to all of the die 12 on the lead
frame 14. Once completed, the individual parts can be
separated from the frame and used individually.

The invention has been described in detail with par-
ticular reference to certain preferred embodiments
thereof, but it will be understood that variations and
modifications can be effected within the spirit and scope
of the invention.

PARTS LIST

10 1mage sensor

12 die

14 lead frame

14 A sidewalls

16 wirebonds

18 electrical pins

18 pinouts

22 adhesive

24 UV curable adhesive
26 adhesive

28 glass cover

32 viscous adhesive

34 UV curable adhesive

We claim:

1. A method of packaging a medical image sensor,

comprising:

(a) securing a die (image sensor) to top surface of a
conductive lead frame having top and bottom sur-
faces;

(b) providing electrical connections between the lead
frame and the die;

(¢) forming an optical transparent UV curable adhe-
sive over the die and curing such adhesive so that
the top surface of the adhesive over the die has a
concave topography;

(d) filling in the concave topography with UV cur-
able adhesive;

(e) placing a cover glass 28 over the filled in adhesive,
such cover glass 28 having an index of refraction
matched to the filled in adhesive,; and

(f) exposing the filled in adhesive with UV light illu-
minated through the glass cover to such cured
filled in adhesive and thereby securing the glass
cover to the filled in adhesive.

2. The invention as set forth in claim 1 wherein the

tion and cured. The sidewalls are removed from the 65 lead frame 1s a skeletal structure and the electrical con-

adhesive and the process continues with the next part
until all of the parts on the lead frame 14 are completed
on the underside.

nections are wirebonds connecting portions of the lead

frame skeletal structure to the die.
- - * * . -
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